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(Legacy ASCII) EEOUT File Format Review

I MCNP UM elemental edit output file [1]: ASCII or binary
I Boutique format: unique to the MCNP code (currently version 6)
I ASCII appears to dominate use in practice

I Stores results and provides restart information, however:
I Not immediately usable in many other widely available tools [2, 3]
I Limited precision in ASCII values (5 digits)
I No intrinsic data compression

I um_post_op [4] was developed to process EEOUT files
I Fortran-based utility that uses MCNP UM routines to process EEOUT
I Has not received extensive testing [1, §13.8]
I Minimal success with recent VTK conversion; prompted creating [5]
I Future support for um_post_op is not planned
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HDF5+XDMF UM I/O File Format Review

HDF [6]
I Hierarchical Data Format; developed by The HDF Group
I BSD-like license, freely available, portable, numerous APIs
I Developed with speed and scalability in mind: compressible binary

I Also offers serial and parallel I/O
I Binary, but easy to work with (demonstrated soon)

I Three major objects: groups, datasets, and attributes

XDMF [7, 8]
I ASCII XML file; standard, but not actively developed, file format
I Supports various structured and unstructured geometries
I Can contain data and/or contain text pointers into HDF5 files
I MCNP outputs are XDMF version 2
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Current HDF5 File Hierarchy

I This is a representative illustration
I Some components are optional

.../eeout.h5

unstructured_mesh

cell_name

unique instance name 1

number_of_elements

number_of_nodes

part_name

edit

edit_4_particle_1

comment

edit_energy_multiplier

edit_time_multiplier

error

value

...

material

mass_density

material_id

mesh

XDMF_connectivity

node_id

node_point

source

number_of_source_elements

source_element_value

volume

cell_volume

element_volume

...

HDF5 Group

HDF5 Dataset

HDF5 Attribute

Geometry adapted from [9].
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ASCII EEOUT File Conversion to VTK, Abaqus, and Tecplot

I Attila4MC EEOUT-to-Tecplot [3, 10]
I Python-based EEOUT-to-VTK [5]
I Python-based EEOUT-to-Abaqus [11, 12]
> ./ Convert_MCNP_eeout_to_VTK.py stanford_bunny_embedded_word_k_code.eeout
Processing stanford_bunny_embedded_word_k_code.eeout ...

Found 1 edit(s).
Processing FLUX_6 edit ...

Processing & Validating EDIT_6_RESULT_ ...
Maximum value: 1.71341e-01
Minimum positive value: 4.43231e-06
Minimum value: 0.00000e+00

AbaqusParaView Attila4MC
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Batch Use: Python (h5py)
#!/usr/bin/env python

import h5py
import numpy as np

f = h5py.File("stanford_bunny_embedded_word_k_code.eeout.h5", "r")

fluence = 0.0
volume = 0.0
for g in f["unstructured_mesh"].items ():

if isinstance(g[1], h5py.Group ): # ignore ‘cell_name ‘
e = g[1]["edit/edit_4_particle_1/value"]
v = g[1]["volume/element_volume"]
fluence += np.inner(e, v)
volume += np.sum(v)

print(f"Avg. Fluence: {fluence / volume :.3e}")

Avg. Fluence:

∫
φ(x)dV∫

dV



Slide 9 of 15

Batch Use: ParaView (pvpython)
#!/Users/jkulesza/Applications/ParaView -5.9.1. app/Contents/bin/pvpython

import numpy as np
from paraview.simple import *
from paraview import servermanager as pvsm

# Setup ParaView.
paraview.simple._DisableFirstRenderCameraReset ()
renderView1 = GetActiveViewOrCreate("RenderView")

# Load data.
bunny = XDMFReader(FileNames =["stanford_bunny_embedded_word_k_code.eeout.h5.xdmf"])

# Integrate and divide.
iv1 = IntegrateVariables(Input=bunny)
numer = np.array(pvsm.Fetch(iv1). GetCellData (). GetArray("edit_4_particle_1_value"))[0]
denom = np.array(pvsm.Fetch(iv1). GetCellData (). GetArray("Volume"))[0]
print("Avg. Fluence: {:.3e}".format(numer / denom))

Avg. Fluence:

∫
φ(x)dV∫

dV
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Interactive Use: HDFView [13] & ViTables [14]
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Interactive Use: ParaView

Clipping; feature edges

Segregating mesh quality (see next slide)
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Interactive Use: ParaView, cont.
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Interactive Use with other Results

Adobe Acrobat: click image for animation (hopefully; alternative: right-click and Save Video As...).
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Summary & Future Work

Summary
I Reviewed legacy and forthcoming MCNP UM files
I Several batch and interactive, qualitative and quantitative, workflows

I A variety of freely available and commercial software were explored
I Provided code snippets and supplemental references

Future Work
I What more can be done to increase ease and/or adoption?
I Would a hands-on workshop or other in-depth presentation be helpful?

I If so, what is the right venue, duration, level of detail?
I R&D: what can be done with CSG to complement this work with UM?
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Abstract

This talk describes several techniques for post processing MCNP6 ASCII
unstructured mesh (UM) elemental-edit output (EEOUT) files as well as HDF5
EEOUT files expected to be present in the upcoming release of the MCNP code,
version 6.3.

The talk begins with a brief overview of the ASCII output format and a description
of the new HDF5 UM EEOUT file. Several readily available utilities and approaches
to working with the ASCII files are reviewed that current code users may be
unfamiliar with. Next, ways to interrogate the upcoming HDF5 files with GUI
applications and the Python programming language are described. The talk
concludes with suggested approaches to interactively viewing and querying the
HDF5 files through an accompanying XDMF file, which is expected to be generated
directly alongside the upcoming HDF5 files.
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#!/usr/bin/env python

import h5py
import numpy as np

f = h5py.File("stanford_bunny_embedded_word_k_code.eeout.h5", "r")

fluence = 0.0
volume = 0.0
for g in f["unstructured_mesh"].items():
    if isinstance(g[1], h5py.Group): # ignore `cell_name`
        e = g[1]["edit/edit_4_particle_1/value"]
        v = g[1]["volume/element_volume"]
        fluence += np.inner(e, v)
        volume += np.sum(v)
print(f"Avg. Fluence: {fluence / volume:.3e}")



#!/Users/jkulesza/Applications/ParaView-5.9.1.app/Contents/bin/pvpython

import numpy as np
from paraview.simple import *
from paraview import servermanager as pvsm

# Setup ParaView.
paraview.simple._DisableFirstRenderCameraReset()
renderView1 = GetActiveViewOrCreate("RenderView")

# Load data.
bunny = XDMFReader(FileNames=["stanford_bunny_embedded_word_k_code.eeout.h5.xdmf"])

# Integrate and divide.
iv1 = IntegrateVariables(Input=bunny)
numer = np.array(pvsm.Fetch(iv1).GetCellData().GetArray("edit_4_particle_1_value"))[0]
denom = np.array(pvsm.Fetch(iv1).GetCellData().GetArray("Volume"))[0]
print("Avg. Fluence: {:.3e}".format(numer / denom))



